A facile synthesis of novel symmetrical and unsymmetrical bis-[spiro(indole-indazolylthiazolidine)-2,4′-diones] 5a-f has been achieved via hitherto unknown bis-Schiff bases 3a-f, which in turn have been prepared from the earlier reported (1H-indol-2,3-dione)-1,1′-(1,6-hexanediyl)bis 1a-c and 5-substituted-1-[6-(2,3-dioxoindolyl)hexyl]-1H-indol-2,3-diones 1d-f.
Introduction
The spiro[indole-thiazolidine] system is a structural motif that is present in many pharmacologically important synthetic and naturally occurring compounds (as typified by spirobrassinin). 1 The diversity of their biological functions 2,3 such as, anti-inflammatory, antimicrobial, antileukemic and anticonvulsant activities, has stimulated efforts in the expedient development of their synthesis. One of the best routes for their synthesis is by carrying out 1,3-dipolar cycloadditions on indolylimines. 4 However, not much has been reported in the literature about bis counterparts of these spiro indoles. Considering this, and keeping our interest in spiroindoles alive, [4] [5] [6] we have earlier reported one such system, bis-[spiro(indole-pyrazolinyl-thiazolidine)-2,4′-dione], containing symmetrically 7 and unsymmetrically 8 substituted indoles. We now wish to report a facile synthesis of novel symmetrical and unsymmetrical bis-[spiro(indole-indazolyl-thiazolidine)-2,4′-diones] via hitherto unknown bis-indolylimines.
Results and Discussion
In our comprehensive plan for developing new bis spiroindoles, a series of novel symmetrical and unsymmetrical [3′-(indazol-5-yl)spiro(3H-indol-3,2′-thiazolidine)-2,4′-diones]-1,1′-(1,6-hexanediyl)bis 5a-f have now been synthesized from previously reported 7, 8 (1H-indol-2,3-
The reaction of (1H-indol-2,3-dione)-1,1′-(1,6-hexanediyl)bis 1a with 5-aminoindazole 2 in a 1:2 ratio in absolute ethanol yielded a yellow solid 3a. Its mass spectrum showed a molecular ion peak at m/z 606, indicating that the two indazole moieties have coupled with 1a with the loss of two water molecules. Its IR spectrum showed a characteristic absorption band at 1647 cm -1 for >C=N-thus indicating the formation of a Schiff′s base. Its 1 H NMR spectrum displayed peaks at δ 6.65 (4H), δ 7.06 (4H), δ 7.35 (4H), δ 7.63 (2H) and 8.02 (2H) showing the presence of aromatic protons of the indole and indazole moieties. Further, a broad singlet at δ 13.08 integrating for the two protons of the two indazole -NH moieties was also observed. The downfield triplet at δ 3.78 integrating for four protons showed the presence of two >N-CH 2 -units. Besides these, the other methylenes of the hexyl spacer appeared at δ 1.70 & 1.48. The 13 C NMR spectrum of 3a displayed a characteristic carbonyl carbon signal at δ 162.7 (C-2) in addition to a signal at δ 147.3 confirming the presence of a C=N at C-3 in the molecule. The above spectral studies confirmed the formation of bis Schiff's base 3a which was characterized as [3- 
The cyclocondensation of 3a with mercaptoacetic acid 4 under refluxing conditions using a Dean-Stark apparatus afforded 5a which showed a molecular ion peak at m/z 754. Its IR spectrum did not display any absorption in the region which could be due to >C=N but showed characteristic absorptions at 1721 (thiazolidinone carbonyl) and 1674 (indole carbonyl) cm -1 , thereby indicating that a cyclocondensation had taken place. This was fully supported by its 1 H NMR spectrum which displayed two characteristic multiplets at δ 3.86 & 4.13 for the two methylenes of the thiazolidinone rings. The rest of the protons of the indole, indazole and the hexyl spacer were observed at the usual positions with the expected integrations. The above spectral data convincingly characterized compound 5a as [3′-(indazol-5-yl)spiro(3H-indol-3,2′-thiazolidine)-2,4′-dione]-1,1′-(1,6-hexanediyl)bis.
The above reactions were repeated using various symmetrically and unsymmetrically substituted bis-1H-indol-2,3-diones and the corresponding bis Schiff′s bases and bis spiro compounds have been obtained, which were fully characterized by studying their spectral data (Scheme 1). 1 H NMR spectra were recorded on a Bruker AC (300 MHz) in DMSO-d 6 .
13 C
NMR were recorded on a Bruker AC (75.47 MHz) in DMSO-d 6 . Elemental analyses were performed on a Perkin Elmer series 11, CHNS/O analyzer 2400. Mass spectra were recorded on a Jeol-JMS-DX 303 mass spectrometer. Bis-indol-2,3-diones 1a-f were prepared by earlier reported procedures 7, 8 starting from the corresponding 1H-indol-2,3-diones synthesized by a literature procedure 6 . 5-Aminoindazole was procured from the Aldrich Chemical Co.
[3-(Indazol-5-yl)imino-1H-indol-2-one]-1,1′-(1,6-hexanediyl)bis (3a). A mixture of (1H-indol-2,3-dione)-1,1′-(1,6-hexanediyl)bis 1a (376 mg, 1 mmol) and 5-aminoindazole 2 (266 mg, 2 mmol) was refluxed in absolute ethanol (30 ml) for 6 hours. The compound that separated out on cooling was filtered, washed with ethanol and crystallized from chloroform/methanol as yellow solid 3a. Compounds 3b-f were also synthesised using the above procedure. 
5-Methyl-1-[6-{3-(indazol-5-yl)imino-2-oxo-indolyl}hexyl]-3-(indazol-5-yl)imino-1H-indol-2-one (3e

5-Fluoro-1-[6-{5-methyl-3-(indazol-5-yl)imino-2-oxo-indolyl}hexyl]-3-(indazol-5-yl) imino-1H-indol-2-one (3f
3′-(Indazol-5-yl)spiro(3H-indol-3,2′-thiazolidine)-2,4′-dione]-1,1′-(1,6-hexanediyl)bis (5a).
A mixture of 3a (121 mg, 0.2 mmol) and mercaptoacetic acid 4 (46 mg, 0.5 mmol) was taken in dry toluene in a round-bottom flask fitted with a Dean Stark apparatus. The contents were refluxed for 8 hours with simultaneous removal of water azeotropically. A sticky solid was formed on removing toluene under reduced pressure and was treated with a saturated solution of sodium bicarbonate to remove excess acid. The solid left was filtered, washed with water, dried and was crystallized from chloroform/methanol as white solid 5a. Yield 65%, m.p. 124-126°C; IR(KBr) cm Compounds 5b-f were also synthesised using the above mentioned procedure.
[3′-(Indazol-5-yl)spiro (5-fluoro-3H-indol-3,2′-thiazolidine)-2,4′-dione]-1,1′-(1,6-hexanediyl 5-yl)spiro(5-methyl-3H-indol-3,2′-thiazolidine)-2,4′-dione]-1,1′-(1,6-hexanediyl 
